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ABSTRACT 

Purpose. To prove the long-term efficacy of BTX-A injec- 
tion in the management of children with neurogenic 
detrusor hyperactivity 

Materials and methods. 28 out of 145 children with 
neurogenic bladder (15 male and 13 female, mean age 
10.7 years) who were treated between 2002 and 2010 
and became non-responders to conservative treatment 
were included into the retrospective study 
We injected 10-12 U/kg of BTX-A (Botox®) into the 
detrusor at 20-30 sites, sparing the trigone. The mean 
follow-up was 48 months (range 6-84 months). 
Results. Group 1.14 patients had a single injection of 
BTX-A. Five of them were successful. 
Mean bladder reflex volume increased (from 62.9 to 
117.5 ml), maximum detrusor pressure decreased (from 
59 to 37.5 cm H20), detrusor compliance increased 
(from 4.8 to 9.5 ml/cm H20), and leak-point-pressure 
decreased (from 46.5 to 24.2 cm H20). Four patients did 
not respond and were treated by ileocystoplasty Another 
five were lost to follow-up. Group 2. 14 patients had 
repeated (mean 2.5) injections of BTX-A with a mean 
interval of 13.7 months. In thirteen patients, urodynamic 
parameters of the first and last injection were similar 
to those obtained in Group 1, showing a good response. 
One patient received an ileocystoplasty 
Conclusion. BTX-A is a safe alternative in the treatment 
of detrusor hyperactivity in children with myelomenin- 
gocele (MMC). The efficacy lasted a mean of 12 months 
and urodynamic response was unchanged even after 
several injections. In our series, 21.7% of children with 
severe low-compliance bladders were non-responders. 



INTRODUCTION 

Myelomeningocele (MMC), tethering of the cord, and sacral 
anomalies are the most common cause of pediatric neurogenic 
bladder [1]. Traumatic spinal lesions in children are less frequent. 

Detrusor sphincter dyssynergia (DSD) is a major urological 
problem in newborns with MMC and occurs in almost 50% of MMC 
patients [2]. Hydronephrosis develops in 72% of MMC patients 
with DSD, while vesicorenal reflux (VRR) is found in about 81% of 
patients with leak point pressure of 40 cm HjO or more [2, 3]. A 



bladder pressure >40 cm HjO is the essential urodynamic warning 
for damage to the upper urinary tract [4]. Treatment of bladder 
dysfunction is, therefore, primarily aimed at preservation of the 
upper urinary tract and secondarily at gaining continence and 
improving the quality of life. Management aims for this type of 
neurogenic bladder are to achieve a continent low-pressure res- 
ervoir with adequate capacity and good compliance, and without 
VRR in order to avoid the well-known consequences of renal scar- 
ring and renal failure. 

Early intermittent catheterization (IC) and administration of 
anticholinergic medications are the basic treatment in most cases 
[5, 6]. Failure of this conservative approach is revealed by recur- 
rent leakage, recurrent urinary tract infections, and/or worsening 
of hydronephrosis, and suggests the need of an alternative treat- 
ment. About 10% of patients are non-responders to anticholinergic 
medication or suffer side effects from anticholinergic drugs, even if 
administered intravesically [7]. 

Recently published reports have discussed the successful out- 
come of intravesical injections of botulinum toxin A (BTX-A) as an 
effective second line treatment for MMC children with neurogenic 
detrusor hyperactivity [8-23]. 

Our previous study showed that BTX-A is a safe alternative in 
the management of detrusor hyperactivity in MMC children. Both 
urodynamic parameters and continence were improved after the 
therapy [8]. 

We present the long-term follow-up of children with MMC 
treated with BTX-A due to neurogenic detrusor hyperactivity dur- 
ing 2002-2010. 

MATERIAL AND METHODS 

In this retrospective study the data related to 28 children, 15 
boys and 13 girls, with neurogenic detrusor hyperactivity who 
received BTX-A injections between 2002 and 2010 was analyzed 
.The mean follow-up time was 48 months (range: 6-84 months). 
The children's average age at the time of first injection was 6.45 
years (range 1-16 years). 

Twenty-four of the 28 children had MMC, one had spina 
bifida occulta, one had a laminectomy to remove an intradural 
lipoma, and one had a spinal cord injury. Eighteen children were 
wheelchair-bound and 10 could walk (non-wheelchair-bound 
patients). 

The children were separated into two groups. Group-1 (14 
children) received only one BTX-A injection, while group-2 (14 
children) received repeated BTX-A injections ranging from two 
injections to a maximum of six with an average of 2.5, and the 
interval between these was 13.7 months on average. 

All patients had neurogenic detrusor hyperactivity and 11 of 
them also had a low-compliance bladder Fifteen patients had VRR 
- seven unilateral and eight bilateral. In the 23 refluxive ureters the 
reflux grade was as follows: two had grade I, six had grade II, three 
had grade III, and 12 had grade IV (Fig. 1). 
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Fig. 1. VRR grade in 15 MMC children, who received BT-a injection. 



All patients were on anticholinergic medication (oxybutynin 
chloride 0.3 mg/ kg bid, or tolterodine chloride 0.1 mg/ kg bid) and 
IC was used to achieve bladder emptying four to five times daily 

Twenty-six patients were non-responders to oral or intra- 
vesical anticholinergic medications - all children had a high leak 
point pressure (more than 40 cm H2O) despite using high doses 
of anticholinergics. Two patients had intolerable side effects to 
anticholinergic medication. 

Medical history was assessed in all patients. Unrelated to age 
of the children, the daily incontinence score was recorded on a 
scale ranging from 0-3, as already described by Schruch et al. (9) - 
0 = completely dry; 1 = wet once a day, usually at night; 2 = wet 
for less than 50% of time between catheterizations; and 3 = wet 
for more than 50% of time between catheterization. We evaluated 
patients' bladder diaries for at least three days by documenting 
the catheterization protocol (timing and volumes) and assessing 
urine losses by repeated measurement of the weight of absorp- 
tive pads (Pad testing). If deemed necessary diaper tests were also 
performed by placing an alarm sensor into the pads. 

Physical examination was performed on all patients and urine 
samples were obtained for urinalysis and bacterial cultures. Renal 
clearance and renal spilt function were determined by Technetium- 
99m dimercaptosuccinic acid (DMSA) in case of febrile urinary tract 
infections (UTI), and the urinary tract was assessed by ultrasound. 

The urodynamic parameters that were measured included: 
reflex volume (RV, the filling volume when the first uninhibited 
detrusor contraction occurs), maximal detrusor pressure (MDP), 
maximal cystometric bladder capacity (MCBC), bladder compliance 
(BC), and leak point pressure (LPP). Slow bladder filling (10 ml/min) 
with 24% contrast medium was used to enable simultaneous mor- 
phologic evaluation in order to identify the presence of VRR and 
to evaluate incontinence. 

Using a rigid cystoscope and a 25 cm long 3.7 F needle 
Needel, Cook, Ireland), BTX-A (Botox", Allergan) was 
injected into the detrusor muscle at 20-30 random sites 
over the bladder, including the dome but sparing the tri- 
gone. The dosage depended on the patient's body weight 
and ranged between 100 and 300 U (10-12 U/kg). One 
hundred units of toxin were diluted in 10 ml of normal 
saline. The whole injection procedure was performed 
under general anesthesia. The bladder was emptied after 
the endoscopic treatment and parents were told to restart 
clean intermittent catheterization (CIC) after 4 hours. 

Additional surgical interventions were performed 
during some of BTX-A injection procedures as fol- 
lows: 11 endoscopic subureteral injections to treat the 
reflux (15 ureters) using dextranomer/hyaluronic acid 
copolymer (Deflux®) during the first injection, one case 
of bilateral ureteral reimplantation, and one BTX-A 
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injection in the sphincter of a patient with detrusor sphincter dys- 
synergia. 

Urodynamic evaluation was performed at three, nine, and 12 
months after treatment and then at least once yearly. During each 
follow-up visit, ultrasound and urinalysis were repeated. Treatment 
efficacy was evaluated according to the urodynamic parameters 
and incontinence score. 

Anticholinergics were discontinued after injection therapy 
and were resumed after three months as an adjuvant treatment if 
needed. Reinjection was decided according to symptoms (incon- 
tinence, UTI) or urodynamic worsening. In group-1, the urody- 
namic parameters were compared pre- and post-injection, while 
in group-2 the outcomes were compared before and after the first 
and the last injection sessions. 

Statistical data were analyzed by standard software. Means 
were compared by paired Student's t test. Statistical significance 
was set at p <0.05. 

RESULTS 

Group-1 

Five out of fourteen children did not require any reinjection, 
their clinical symptoms and urodynamic parameters remained 
stable during the follow-up of 56 months (range: 21- 84 months), 
although with the use of adjuvant antimuscarinics. Two of them 
were non-responders to oxybutynin chloride 0.3 mg/kg twice a 
day but a changeover to tolterodine chloride 0.1 mg/ kg twice a 
day initially as adjuvant therapy was successful. The other three 
children were on CIC and suffered from recurrent UTI, hence were 
converted to aseptic IC, which helped them become responders to 
adjuvant antimuscarinics. 

Four out of fourteen children had undergone an ileocysto- 
plasty and rectus fascial sling procedure due to persistent low- 
compliance bladder, severe incontinence, and in two of them due 
to persisting high-grade '\/RR. 

We lost five patients from this group to follow-up, because 
they were admitted from abroad. 

Continence-score: Three out of the five stable patients became 
completely dry between CIC. The other two patients improved from 
score 3 to 1. 

Urodynamic parameters: According to the results obtained 
three months after BTX-A Injection the mean reflex volume 
increased from 62.9 ml toll 7.5 ml (P <0.01). The maximum bladder 
capacity increased from 120 ml to 153 ml (P <0.01), the maximum 
detrusor pressure decreased from 59 mbar to 32.5 mbar (P = 0.05). 
Bladder compliance increased from 4.8 ml/ mbar to 9.5 ml/ mbar (P 
= 0.05). The leak point pressure decreased from 46.5 mbar to 24.2 
mbar (P = 0.01). (Fig. 2. Five patients did not require any reinjection). 
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Fig. 2. Urodynamic parameters before and after BTX-A detrusor injection (group 1). 
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Group-2 

All 14 patients had repeated injections (between 2- and 6 
months, mean 2.5), the reinjection was decided when the symp- 
toms (incontinence, UTIs) or urodynamic parameters deteriorated. 
The intervals between the injections were between 6- and 24 
months, mean 13.7 months. 

Continence-score: six patients became completely continent 
between catheterizations and five patient's scores improved from 3 
to 1, the others four patients remained with a score of 2-3. 

Urodynamic parameters: The urodynamic parameters three 
months after the first injection showed that the mean reflex 
volume increased from 63.3 ml to 123.3 ml (P <0.01). The maxi- 
mum bladder capacity increased from 112.5 ml to 166.8 ml (P 
= 0.01). The maximum detrusor pressure decreased from 62.92 
mbar to 42 mbar (P = 0.027). Bladder compliance increased 
from 3.3 ml/mbar to 7 ml/mbar (P <0.01). The leak point pres- 
sure decreased from 45.9 mbar to 25.4 Imbar (P = 0.05). (Fig. 
3: all 14 patients). 

Comparing the urodynamic results three months after the last 
injections with those obtained after the first one, we found simi- 
lar parameters (Fig. 4: all 14 patients). Twelve out of 14 patients 
received adjuvant anticholinergic therapy at this time. One patient 
underwent ileocystoplasty with rectus fascial sling procedure 
and Mitrofanoff stoma. Even this child was injected with BTX-A 
twice - he had high leak-point pressure >45 mbar and the bladder 
compliance fell to 3 ml/mbar with persisting VRR grade IV in the 
left kidney 

Both groups 

Five patients underwent an ileocystoplasty with rectus fascial 
sling procedure, two of them ended up with a Mitrofanoff stoma. 
They aged between seven and 1 3 years at the time of operations. In 
spite of the BTX-A injection the neurogenic incontinence persisted 
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Fig. 3. Urodynamic parameters before and after BTX-A first detrusorinjection (group 2). 
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Fig. 4. Urodynamic parameters before and after BTX-A last detrusorinjection (group 2) 



in all patients - with low compliant bladder <5 ml/mbar, maximum 
detrusor pressure >46 mbar, and leak-point pressure >34 mbar - 
and four patients had persisting VRR. After bladder augmentation, 
all children achieved adequate continence with a low-pressure 
reservoir. Two children had asymptomatic persistent VRR that did 
not require therapy. 

Out of the 15 patients with VRR, the VRR resolved in two 
patients after BTX-A injection only, in seven it resolved after addi- 
tional endoscopic treatment with Deflux®, two patients required 
reimplantation of ureter, and four patients underwent ileocysto- 
plasty 

During our almost eight years of experience with BTX-A blad- 
der injections, our patients have never experience any serious side 
effects. 

DISCUSSION 

The ideal treatment of neurogenic bladder dysfunction in 
children should prevent any renal function deterioration, taking 
into account the importance of controlling urinary incontinence 
to improve the quality of life of the neurologically handicapped 
children in the future. 

Urinary incontinence in patients with myelomeningocele fre- 
quently has an underlying component of detrusor hyperactivity 
with or without poor bladder compliance. High intravesical pres- 
sure, which is often associated with detrusor-sphincter dyssyner- 
gia, may cause upper urinary tract deterioration. Other therapeutic 
approaches should be employed when the option of oral or intra- 
vesical anticholinergics is insufficient. 

Neurological treatment options such as transurethral electri- 
cal bladder stimulation and selective sacral rhizotomy have been 
found to improve bladder capacity, decrease intravesical pressure, 
and eliminate uninhibited contractions [24, 25]. However, clinical 

experience to date is either limited or variable [26, 27]. 

Bladder augmentation remains a last resort for 
management of severe low-compliance bladder. A vari- 
ety of augmentation techniques have been described, 
including standard enterocystoplasty, auto-augmen- 
tation, and seromuscular enterocystoplasty. However, 
the long-term complications associated with these 
techniques can be significant [28, 29]. 

In the last 10 years BTX-A has been reported as a 
promising approach to manage neuropathic and idio- 
pathic detrusor hyperactivity in children. It is fairly easy 
to perform with an attractive safety profile [10-13]. 

Botulinum toxin (BTX-A), first isolated by van 
Ermengen in 1897, is the strongest biologically occur- 
ring lethal toxin that is known. It is produced by 
Clostridium botuiinum, an anaerobic, rod-shaped. 
Gram-positive bacterium. The toxin acts by selec- 
tive inhibition of calcium-mediated transport at the 
synaptic cholinergic junction through modulating a 
membrane-bound protein (SNAP-25). BTX-A causes a 
prolonged decrease in regional contractility by chemi- 
cal denervation [30-33]. In 1989 it was used to treat 
strabismus and dystonia and this opened the door 
for its utilization in many other fields of medicine 
[34-37]. 

BTX-A was first used in urology in the late 1980s 
and it was injected into the urethral sphincter in 
patients with spinal cord injury having detrusor- 
sphincter dyssynergia [38]. 

In 2000, Schruch et al. reported their first results of 
treating high intravesical pressure caused by detrusor- 
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sphincter dyssynergia in adults through the injection of BTX-A 
directly into the detrusor, showing encouraging results [9]. In 2002 
the BTX-A detrusor injection procedure was applied in children by 
Schulte-Baukloh et al. [39] - they successfully treated 17 patients 
without adverse events. 

Game et al. reviewed the BTX-A intradetrusor injections 
in children with neurogenic detrusor hyperactivity [20]. They 
reviewed a total of six articles evaluating the efficacy and safety 
of BTX-A - 108 patients were included in the six selected studies, 
their mean age was 9.8 years, and the underlying neurological 
disorder was MMC in 93%. The patients were followed up for a 
maximum of one year. All were non-responders to anticholinergic 
medications. The average (or the usual) dose of BTX-A used was 
10-12 U/kg with a maximum dose of 300 U, which was distribut- 
ed as 30 injections into the detrusor while excluding the trigone. 
According to the mentioned studies, there was a clear symptom- 
atic improvement (65-87% became completely dry) as well as 
good effect on the urodynamic parameters (in most studies mean 
maximal detrusor pressure was reduced to at least 40 mbar and 
bladder compliance was significantly increased). However, the 
studies evaluated were limited by the lack of control groups in 
them and that most of them involved small numbers. The mean 
time interval between repeated BTX-A injections ranged between 
6.3 and 9.6 months. Moreover, the regimen of antimuscarinics 
used in the patients included in these studies was not clearly 
described in the majority of them, so it was not possible to assess 
any impact related to adjuvant antimuscarinics in terms of the 
efficacy or the duration of the effect of BTX-A. 

Among our patients, 64% were completely dry or had an 
improvement of the continence score from 3 to 1. We think that 
most of them had additional mixed degrees of urethral sphincter 
insufficiency combined with neurogenic incontinence. The maximal 
detrusor pressure was reduced to less than 40 mbar and also an 
acceptable increase in the bladder compliance was achieved in the 
patients who were good responders to BTX-A. 

In our center, an adjuvant anticholinergic is usually initiated 
at a low dosage if it is needed. We do not routinely reinject BTX-A 
after a predefined time interval of 8-9 months, which is based on 
the literature data of duration of effect [9, 39]. However, reinjection 
is administered according to symptoms and urodynamic param- 
eters, thus the intervals between injections in group-2 patients in 
our study seem to be longer compared to the literature data (at 
least 12 months). 

Five children in group-1 required a single injection of BTX-A 
and remained stable during a long follow-up of 56 months. They 
became responders to adjuvant anticholinergic treatment and, 
thus, there was no reason to change their therapy regimen. Two of 
them were non-responders to oxybutynin chloride 0.3 mg/kg bid, 
but the changeover to tolterodine chloride 0.1 mg/ kg bid, first as 
adjuvant therapy, was successful. The other three children were on 
CIC with recurrent UTI and conversion to aseptic IC helped them 
become responders to adjuvant antimuscarinics. Regarding the 
incidence of UTI and urethral strictures, aseptic IC seems to be 
superior to CIC [40, 41]. 

We also found it important to undertake a surgical interven- 
tion in order to protect the upper urinary tract in the patients 
who became non-responders to anticholinergics and showed no 
clinical or urodynamic improvement after BTX-A injection. These 
children had initially severe low-compliant bladders with high 
leak-point pressure and high-grade VRR (five children in both 
groups). 

Grosse et al. studied 66 adult patients who received repeated 
BTX-A injections. They reported a significant improvement in 
bladder function from baseline up to the third injection. It was 



noted that the repeated injections did not induce any drug 
tolerance. 

In their studies, Akbar et al., [16] Altaweel et al., [13] and 
Schulte-Baukloh et al. [12] discussed repeated BTX-A detrusor 
injections in treatment of children with neurogenic detrusor 
hyperactivity They found a significant improvement in clinical 
symptoms and urodynamic parameters. Moreover, it was noted 
that the repeated injections reproduced the initial effect. 

Haferkamp et al. [42] have studied detrusor biopsies taken from 
patients after BTX-A injections, they could not find any changes in 
the muscular structure of the detrusor or any fibrosis. Similar results 
were demonstrated by Schruch et al. [43] and Grosse et al. [44]. 

Many studies [11, 42, 45, 46, 47] found that the effect of BTX-A 
in the bladder is much longer compared to striated muscles, other 
cholinergic non-striated muscle organs, and sweet glands. In the 
classic application of BTX-A to spastic muscles, BTX-A injections 
need to be repeated at approximately the third month. 

Formation of neutralizing antibodies (NAB) against the toxin 
is a potential problem with repeated BTX-A injections, which may 
reduce the treatment effect [48, 49]. Risk factors for formation 
of NAB are a high BTX-A dose and short injection intervals [50, 
51]. For the detrusor, the relatively long injection intervals and 
the moderate dose are positive factors, reducing the risk of NAB 
formation. 

In our study patients of group-2 who received repeated BTX-A 
injections had similar results as reported by other authors [12, 13, 
16]. Importantly the clinical and urodynamic response remains 
unchanged even after several injections. 

Muscle weakness was never seen in our patients. Recent 
analysis of a comprehensive database with long-term follow-up 
has shown that the correct use of higher doses of BTX-A during 
multi-muscle treatment is rarely associated with systemic side 
effects. That is because the total dose is distributed over multiple 
muscles and over multiple injection sites per muscle [52]. No lethal 
complications after treatment with BTX-A have ever been reported. 
Its median lethal dose (LD50) has been determined across multiple 
animal species. Based on the findings from primate studies, a 
human LD50 is estimated to be approximately 3000 units for a 70 
kg adult [53]. 

Neel et al. [18, 22] reported a successful experience in total 
endoscopic management of children with non-compliant neu- 
ropathic bladder. There was a good effect on treating VRR when 
BTX-A injection was combined with endoscopic subureteral injec- 
tion. In about 60% of our patients with VRR the total endoscopic 
therapy approach was successful, and in the other complicated 
cases open surgery was carried out. 

CONCLUSIONS 

BTX-A is a safe alternative in the treatment of detrusor 
hyperactivity in MMC children. The efficacy lasted a mean of 
12 months and urodynamic response is unchanged even after 
several injections. Some patients remain on adjuvant anticho- 
linergic treatment, but in lower doses. In our series, 21.7% of 
children were non-responders. Patients with severe resistant 
fixed low-compliance bladder with high LLP and VRR are non- 
responders to both standard conservative treatment and BTX-A 
injection. Bladder augmentation is still the last resort in these 
patients. 
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